• Perinatal thiamine deficiency (PTD)-induced motor deficits and neurochemical alterations in adult rat brain.
Introduction
Wernicke's encephalopathy (WE) is a neuropsychiatric condition that can lead to dementia and occurs as a result of thiamine deficiency (TD) [1] . Brain lesions similar to those occurring in There is evidence that GABAergic and glutamatergic systems can be affected by TD [7, 8] . It is also known that cerebellar glutamatergic parameters are essential for acquisition of motor learning and motor coordination [9] and dysfunction in the striatonigral and striatopallidal GABAergic pathways may be related to motor abnormalities in animal models of Parkinson's disease [10] .
When a TD episode is applied during pregnancy and/or lactation, it can induce biochemical and morphological damage to the offspring [11, 12] . Despite the vulnerability of the brain to deprivation of thiamine during ontogenesis, few studies address the effects of maternal TD on the central neurochemical parameters and motor behavior of offspring in later periods of life. A complementary question arises from these observations. It is whether maternal TD would interfere with offspring motor function through changes in cerebellar, thalamic and medullar glutamatergic and GABAergic parameters. Thus, in the present study we assessed the impact on adult offspring of an episode of perinatal thiamine restriction (TR) on: (i) motor function and motor coordination; (ii) cerebellar, thalamic and medullar glutamate and GABA concentrations, and (iii) the relations between these biochemical parameters and motor behavior.
Materials and methods

Animals and treatments
All procedures were approved by the Ethics Committee for Animal Experimentation of the Federal University of Minas Gerais (Protocol Number 153/09). During experiments all rats, dams and offspring received chow and water ad libitum and were housed in an aerated noiseless room with controlled 12 h diurnal daylight/night cycles under ambient temperature of 26 ± 2 • C. The estral cycle of 2 month-old Wistar female rats was determined by daily vaginal smears following Cooper et al. [13] . Ten female rats in the proestrus stage, were co-housed with male rats in the proportion of two female to one male. Those rats whose smears tested sperm-positive were assumed to have conceived, and the developing embryos were designated to be at day 0 of gestation, at which time the dams were randomly assigned into two groups, control (C, n = 3) and restricted (R, n = 3). The dams from group C received a standard diet and those from group R received a standard thiamine-restricted diet (TR), from the 11th day of gestation until the 5th day of lactation, a time corresponding to the perinatal period. The only difference between the compositions of the two diets was the thiamine level. Chromatographic analysis confirmed that thiamine concentration in the restricted diet (0.11 ± 0.001 mg/kg) was about 10% of that found in the standard diet (1.19 ± 0.006 mg/kg). From the 6th postnatal day, the offspring were inspected and only the male pups remained with their mothers in a ratio of five to eight pups per dam. Twenty male rats were randomly selected (10 from control and 10 from restricted mothers, named CM and RM groups, respectively). They were submitted to behavioral motor and neurochemistry assessments when they achieved 3 months of age. Two rats from the CM group showed abnormal breathing noise and were excluded from the experiments.
Behavioral studies
Rotarod test
The rotarod test was used to evaluate balance and motor coordination of the rats. The apparatus (5 cm by 14 cm rod) was driven by an electric motor at a constant speed of 5 or 25 rotations per minute (rpm) depending on the experimental design. The protocol used was adapted from that described by Simola et al. [14] and Dhir et al. [15] . It consisted of eight sessions (one per day): three acclimatization sessions, three training sessions and two test sessions, in that order. During the acclimatization sessions, the rats were placed on the immobile rotarod (at 0 rpm) for 5 min on three trials with an interval of 30 min between trials. The rat was placed perpendicular to the rod axis with its head in the opposite direction of the rotation. The rats were trained on the rotarod for three consecutive days. The training sessions were carried out at a constant speed of 5 rpm for 5 min, twice a day with an interval of 30 min between each trial. The test sessions consisted of three trials each, separated by an inter-trial interval of 30 min. The trial finished when the rat fell or after five minutes, whichever occurred first. The first and the second test sessions were carried out 24 and 48 h after the last training session, respectively, at a constant speed of 5 rpm (1st test session) and 25 rpm (2nd test session). The fall-off time (latency) was recorded for each rat and the mean of three trials at each speed was used for analysis.
Paw print test
This test, designed to evaluate the walking pattern, was adapted from Lagrán et al. [16] and was carried out immediately after the rotarod sessions. The rat's hind paws were gently dipped in a black nontoxic waterproof ink. To record the paw prints, a clean sheet of white paper was placed on the floor of a long and narrow walkway (70 cm × 10 cm × 10 cm). The rat was then placed at one end of the walkway and allowed to walk. At each test occasion the rats were allowed to walk until one satisfactory recording was acquired. A satisfactory recording was defined as uninterrupted locomotion performed on a sufficient length of the walkway to get at least five paw placements for each trial. Thus, footprint patterns were analyzed for a minimum of five step cycles for each trial and the results were expressed as an average of three trials. A complete step cycle was defined as the distance from one pair of hind limb prints to the next. Two parameters were evaluated: stride length, expressed as the average distance of forward locomotion between each stride, and hind-base width, expressed as the average distance between left and right hind footprints.
Biochemical studies 2.3.1. Biological sample processing
The rats were decapitated one day after the end of behavioral tests. The brain was quickly removed, weighed and kept on ice. The thalamus, cerebellum and T1 and T2 spinal segmental levels were immediately dissected following the coordinates indicated in the Paxinos and Watson stereotaxic atlas (2004). The brain samples were processed and glutamate and GABA were measured according to the method set up in our laboratory [17] .
GABA and glutamate assays
The derivatization procedure was performed as previously described [18] . The resulting solution was vortexed and analyzed by HPLC after one minute at room temperature. The chromatography conditions were performed as previously described [17] . The flow rate was 1 mL/min. The wavelengths of excitation and emission used were 337 and 454 nm, respectively. The concentrations of GABA and glutamate, expressed as g/g of tissue, were calculated according to the peak areas and their respective standard curve.
Statistical analysis
Data were analyzed for distribution normality using the Kolmogorov-Smirnov test and homogeneity of variance using Lilliefors' test. To assess the rotarod performance data the U-Mann Whitney test was used and the values are expressed as median and quartile. For other behavioral and biochemical data analysis, the values are expressed as mean ± standard error of the mean (S.E.M.). In these cases, one-way ANOVA followed by the Newman-Keuls multiple range post hoc test was used to compare between the CM and RM groups. Spearman correlation analysis was used in order to determine the relationship between the thalamus GABA concentration and rotarod performance. Pearson correlation analysis was used for the other parameters. The significance level was at 5%. All analyses were performed using STATISTICA v6.1 (Statsoft).
Results
Behavioral tests
Rotarod test
Rats born from restricted mothers (RM) showed a significant reduction of time spent on the rotarod during the three trials at a constant speed of 25 rpm, compared to that observed for rats from control group (CM) [U = 12.50, p = 0.01; Median RM = 9 (4.70-16.85), Median CM = 31.35 (14.65-45.15)]. No significant difference between rats from CM and RM groups at a constant speed of 5 rpm was observed [U = 36.00, p = 0.72; Median RM = 300.00 (300.00-300.00), Median CM = 300.00 (300.00-300.00)]. 
Paw print test
Biochemical tests
One-Way ANOVA showed no significant effect of perinatal thiamine restriction on the glutamate concentrations in the thalamus [F (1, 16) 
Correlation analyses
There was significant correlation between the rat's performance on the rotarod and thalamus GABA concentration for rats from the CM group (r CM = −0.76, p = 0.03), while for rats from RM group no significant correlation was found (r RM = 0.22; p = 0.54) (Fig. 2) . For rats from the CM group, there was a significant correlation between the average hind-base width and thalamus GABA concentrations (r CM = −0.86, p = 0.006). There was a significant correlation between the stride length and cerebellum GABA concentrations for rats from RM group (r RM = −0.71, p = 0.02). Scatter plots are shown in Fig. 3 , panels A and B, respectively.
Discussion
The present study demonstrates for the first time that thiamine restriction during the perinatal period can affect offspring on: (a) balance and motor coordination, (b) gait pattern and (c) glutamate and GABA levels in the cerebellum and thalamic areas of the CNS, respectively. Moreover, this study reveals evidence that the cerebellar and thalamic GABA levels are associated with motor activity.
The data concerning the performance of the rats on the rotarod task showed that thiamine restriction during the perinatal period had significant adverse effects on balance and motor coordination of adult offspring. Shi et al. [19] also observed a reduction of up to 97% on rotarod performance in adult rats exposed directly to TD. In the present work, however, by contrast to Shi et al. [19] , we found that the control group displayed a worse motor performance at 25 rpm than that at 5 rpm. One possible explanation for the difference between the results observed by our group and those obtained by Shi et al. [19] could be the variation in the rat exposure time (duration) on the rotarod apparatus. Here it was three minutes more per trial compared with that used by Shi et al. [19] . Higher exercise duration might contribute to the loss of equilibrium, mainly due fatigue effects. Both groups, CM and RM, were exposed to the same endurance time test. Although the CM group exhibited a difference in performance between 5 rpm and 25 rpm, the RM group demonstrated even worse performance at 25 rpm compared to CM group. This suggests that TR induces a decrease in resistance during motor activity on the rotarod apparatus.
TR also affected the offspring's gait pattern in the paw print test with rats from RM group presenting a significant increase in hindbase width. The cerebellum is selectively vulnerable to TR [20, 21] . In addition, we observed that TR induced a decrease in cerebellum glutamate concentration in the RM group. Glutamate decrease in the cerebellum of the RM rats could reduce cerebellar excitatory pathway connections to other brain structures also involved in motor control like thalamus. We also observed an increase in the GABA level in the thalamus of animals from the RM group. It had been established that the GABA A receptor mediates the reduction of motor activity and that agonists of GABA A receptors impair performance on rotarod tasks in mice [22] . Accordingly, the inhibition of thalamic excitability by ␦-GABA A receptor agonist also impaired the rotarod performance in mice, indicating the importance of GABAergic function on motor behavior [23] . Despite that, the compensatory mechanisms in gene expression of receptor and/or subunits from GABAergic transmission underlying TR need to be clarified.
The significant correlations observed between the thalamus GABA concentration in rats from the CM group and: (i) rat's performance on the rotarod task; (ii) hind-base width in the paw print task, suggest that modulation of levels of the thalamic neurotransmitter may be physiologically important for motor behavior. These data (Fig. 2 and 3 ) agree with the findings of other authors who demonstrate that, under normal conditions, an increase of GABAergic function depresses motor activity [22, 23] . These observations suggest that under physiological conditions, the thalamus may exercise a regulatory control on motor coordination requiring the glutamate (excitatory)-gaba (inhibitory) antagonism. For instance, this antagonism has been demonstrated in the visual system [24] . Perinatal thiamine deficiency may disrupt inhibition on gaba inhibitory system resulting in gaba increase in the thalamus, probably by glutamate impairing, observable in the cerebellum. Consequently, the hind-base width increase would depend on the inhibitory control of thalamic GABA on supraspinal structures responsible for muscular tone [25] , thereby causing a deficit in motor coordination.
On the other hand, the GABA levels in the cerebellum were positively correlated, at a significant level, with the step length of rats from the RM group, but not for rats from the CM group. However, there was no significant effect of TR on cerebellar GABA levels. In addition, we found no significant correlation between the levels of these neurotransmitters either in the thalamus or in the cerebellum areas. These observations suggest two different levels of motor control: One in the thalamus and another in the spinal cord. Following Shik and Orlovsky [26] , there are spinal automatisms for each limb generating its stepping movements. There also is interaction of the limbs during locomotion that promotes their coordination. The descending system responsible for activation of the spinal automatism of stepping also exists. Our results suggest that thalamic GABA may play a role in the descending system controlling motor coordination. Therefore, it appears in our study that locomotor automatism, including step length, which is known to be controlled by the spinal cord, can escape from the gabaergic thalamic control.
In summary, motor coordination regulatory system involving changes in glutamate and GABA levels may develops during perinatal period and shows a great vulnerability to TR insult. Indeed, our results report in perinatal thiamine-deprived offspring, significant deficits in motor coordination and locomotion pattern disturbances which were related to the thalamic increase in GABA and concomitant cerebellar reduction in glutamate. However, it is important to note that the measures of neurotransmitter levels do not necessarily reflect neuronal activity. Consequently, more studies will be necessary to evaluate such phenomena like the turnover rate of GABA and glutamate and their receptor densities after TR exposure.
